In somatic mammalian cells, homologous recombination is a rare event. To study the effects of chromosomal breaks on frequency of homologous recombination, site-specific endonucleases were introduced into human cells by electroporation. Cell 
Rates of homologous recombination at any given locus in somatic mammalian cells are generally low, on the order of 10-8 to 10-5 per cell per generation, and seem to vary somewhat from locus to locus within a genome (1) . Similarly, frequencies of gene targeting are usually low and have varied greatly from locus to locus (for representative citations, see ref.
2). The basis for the variability and low frequency is not clear.
From studies in bacteria and fungi, the idea has emerged that homologous recombination is often a response to DNA damage in the form of breaks across one or both strands of the DNA duplex. This has been the basis of mechanistic models for recombination proposed by Meselson and Radding (3), Resnick (4) , and Szostak et al. (5) . Many of the central predictions of these models have been borne out by experiments in yeast (Saccharomyces cerevisiae). Most notable is that introduction of DNA double-strand breaks within a given chromosomal locus can specifically increase the frequency of homologous recombination at that locus. Natural examples of this in yeast are the initiation of mating-type switch by HO endonuclease and the movements of mobile introns that encode "homing endonucleases" such as I-Sce I, I-Sce II, and PI-Sce I.
In each instance, homologous recombination in the form of gene conversion is triggered by an endonuclease that induces a double-strand break in the recipient locus (6) (7) (8) (9) (10) . The importance of double-strand breaks for the initiation of homologous recombination in yeast has been extended and
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More recently, the I-Sce I endonuclease of yeast has been expressed in mammalian cells and shown to stimulate homologous recombination between transfected extrachromosomal DNA substrates (16) or between a transfected substrate and a chromosomal locus (17, 18 (Fig. 2) . Relative cloning efficiency declined in a dose-dependent manner, dropping by 80-95% after treatment with 5000 units of enzyme. The loss in cell viability presumably results either directly or indirectly from chromosomal damage due to endonuclease cleavage (24) .
Recombination frequency within the HPRT test locus was increased by treatment with Xba I (Fig. 3) (Fig. 2) (Fig. 4) (Fig. 4) . DNA 
DISCUSSION
We have shown that intrachromosomal homologous recombination can be stimulated in human cell lines by treatment with site-specific endonucleases. The stimulation appears to be dependent upon the positioning of cleavage sites within homology. Recombination was stimulated by the restriction endonuclease Xba I, which has sites lying within repeated regions of homology, but was not stimulated by any of four restriction endonucleases that have sites lying outside the repeated regions or between them. The rare-cutting yeast endonuclease PI-Sce I also stimulated recombination when its cleavage site was placed within one repeat, but had no effect when its site was not present.
An alternate explanation for the effect of Xba I is that it frequently cuts both repeats in the test locus, and that the (27) (28) (29) (30) (31) (32) , and it has also been detected as a pathway of homologous recombination between repeated chromosomal sequences in yeast (33) (34) (35) 
